A miniaturized telemetry device for the transmission of the electrical activity of single nerve cells in the brain by Zweizig, J. R. et al.
A MlNlATURiZED TELEMETRY DEVICE FOR THE TRANSMISSION 
OF THE ELECTRICAL ACTIVITY OF SINGLE NERVE CELLS 
I N  THE BRAIN 
James G. M c E l l i g o t t ,  John R, Zwe iz ig  and Raymond T. Kado 
ABSTRACT 
A t e lemete r  i s  descr ibed by which the a c t i v i t y  o f  i n d i v i d u a l  nerve 
c e l l s  i n  the awake and u n r e s t r a i n e d  animal can be t r a n s m i t t e d .  The u n i t ,  
d i r e c t l y  i nco rpo ra ted  i n t o  the e l e c t r o d e  connector p l u g  on the animal Is 
head, possesses a h i g h  i n p u t  impedance and a broad bandwidth, I t  i s  
cons t ruc ted  i nexpens ive l y  from r e a d i l y  a v a i l a b l e  s t o c k  components and i s  
designed t o  opera te  i n  the FM broadcast band. 
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1 ntroduct  ion 
During t h e  r e l a t i v e l y  s h o r t  h i s to ry  of te lemeter ing biological  i n fo r -  
mation from humans and a n i m a l s ,  a number of te lemeters  have b e e n  designed 
f o r  t h e  transmission of  general ,  a s  we1 1 a s  s p e c i f i c ,  e lec t rophys io logica l  
phenomena of  t h e  body. Application h a s  been made pr imari ly  i n  measurements 
of  the electromyogram ( E M G ) ,  e lectrocardiogram (EKG), and electroenceph-  
alogram (EEG). I n  p a r t i c u l a r ,  w i t h  respect  t o  t h e  brain,  t h e  E E G  is t h e  
bio-potent ia l  o f  the cen t r a l  nervous system t h a t  has been most o f t en  
telemetered. A cursory survey of t h e  p resent  s t a t u s  of neurophysiology 
would indicate  t h a t  t h i s  is j u s t  one of  many s i g n i f i c a n t  e l e c t r i c a l  
p o t e n t i a l s  i n  t h e  b ra in .  
Our labora tory  i s  studying the a c t i v i t y  of individual nerve c e l l s  o r  
neurons as  t h e y  r e l a t e  t o  t h e  motor a c t i v i t y  o f  t h e  c a t ,  The neuron is the 
bas ic  b u i l d i n g  block of the nervous system and imparts t o  t h e  brain i t s  
unique c h a r a c t e r i s t i c s .  The e l e c t r i c a l  a c t i v i t y  of individual nerve c e l l s  
have been  recorded for  over 30 years but almost exc lus ive ly  i n  anes the t ized  
o r  a t  l e a s t  i n  immobilized animals.  Such a prepara t ion  has been necessary,  
for  s l i g h t  displacements of  t h e  e l ec t rode  w i t h  respect  t o  t h e  c e l l  can cause 
t h e  e x t r a c e l l u l a r  spike p o t e n t i a l s  of  t h e  neuron t o  be l o s t .  T h e s e  p o t e n t i a l s  
a r e  recorded when the e l ec t rode  is n o t  more than 200 micra away from the 
c e l l .  I n  the  pas t  few years ,  however, two bas ic  approaches have b e e n  
developed fo r  .recording neural s p i k e s  i n  t h e  inanes the t ized  and f r e e l y  
moving animal. One is t o  f i x  t h e  an imal ' s  head to a r ig id  support ,  t h u s  
immobilizing' i t  b u t  leaving the r e s t  of the body e s s e n t i a l l y  unrestrained.  
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The e l e c t r o d e ,  a t tached t o  the suppor t ,  i s  lowered i n t o  the a n i m a l ' s  head 
v i a  a smal l  m i c r o d r i v e  (1) .  A second method i s  t o  imp lan t  v e r y  f l e x i b l e ,  
f i n e  w i r e  e l e c t r o d e s  i n t o  t h e  b r a i n .  Due t o  t h e i r  extreme f l e x i b i l i t y ,  
t h e y  a r e  a b l e  t o  m a i n t a i n  t h e i r  r e l a t i v e  p o s i t i o n  w i t h  respec t  t o  a p a r -  
t i c u l a r  c e l l  i n  s p i t e  o f  s l i g h t  d isplacements o f  t h e  b r a i n  w i th in  the  s k u l l ,  
. I n  our  l a b o r a t o r y ,  as w e l l  as i n  s t u d i e s  by o t h e r s  (2),  the  a c t i v i t y  o f  a 
p a r t i c u l a r  neuron i n  a f r e e l y  moving animal has been recorded f o r  days and 
even weeks w i t h  t h i s  technique.  
Transmiss ion and r e c o r d i n g  o f  the  neura l  s p i k e  o r  a c t i o n  p o t e n t i a l  
poses severa l  un ique problems and d i c t a t e s  the  d e s i r a b l e  c h a r a c t e r i s t i c s  
o f  the t e l e m e t r y  dev ice .  Contrasted w i t h  o t h e r  types o f  e l e c t r i c a l  a c t i v i t y  
i n  t h e ' b r a i n ,  the  n e u r a l  sp ike  possesses r e l a t i v e l y  h i g h  frequency components, 
A 10 kHz upper band 1 i m i t  is  necessary i n  o r d e r  t o  o b t a i n  a f a i t h f u l  
p i c t u r e '  o f  t h i s  p o t e n t i a l .  
\ 
As i t  i s  sometimes necessary t o  record  the EEG 
from the same e l e c t r o d e ,  a t o t a l  band pass from 1 Hz t o  10 kWz i s  d e s i r a b l e .  
Secondly, e l e c t r o d e  impedances f rom 100 kn  t o  severa l  megohms demand a h i g h  
in,aut impedance. T h i r d l y ,  the  s i z e  o f  t h e  neura l  sp ikes  t h a t  a r e  de tec ted  
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by these f i n e  w i r e  e l e c t r o d e s  v a r i e s  from 10 t o  300 pV. Inasmuch as t h i s  i s  
superimposed on the b r a i n ' s  s low wave p o t e n t i a l s  (EEG) o f  about 200 pV the  
t r a n s m i s s i o n  o f  s i g n a l s  g r e a t e r  than 500 pV i s  necessary.  Another impor tan t  
c o n s i d e r a t i o n  i s  the  s i g n a l  s t r e n g t h  o f  the t r a n s m i t t e r .  I t  should be 
s u f f i c i e n t l y  s t r o n g  t o  t e l e m e t e r  over  a d i s t a n c e  o f  about  20 f e e t  i n  t h e  
presence o f  c o n s t a n t l y  changing t r a n s m i t t e r  o r i e n t a t i o n  due t o  the an imal ' s  
movement. F i n a l l y ,  s i z e  and we igh t  a r e  impor tant  f a c t o r s ,  f o r  i t  i s  d e s i r a b l e  
t o  p l a c e  the t r a n s m i t t e r  w i t h  i t s  b a t t e r y  supp ly  on the  e l e c t r o d e  connector 
p l u g  t h a t  i s  a t t a c h e d  t o  the a n i m a l ' s  head. 
The p a r t i c u l a r  area o f  t h e  b r a i n  under i n v e s t i g a t i o n  i n  o u r  l a b o r a t o r y  
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is t h e  c e r e b e l l u m  which  s e r v e s  a s  a n e g a t i v e  f e e d b a c k  s y s t e m  i n  c o n t r o l l i n g  
s u c h  motor f u n c t i o n s  as p o s t u r e ,  g a i t ,  b a l a n c i n g ,  and o t h e r  f i n e l y  g r a d e d  
motor a c t i v i t i e s .  It i s  e v i d e n t  t h a t  t h e  c a b l e s  wh ich  u s u a l l y  c o n n e c t  
t h e  an ima l  w i t h  t h e  r e c o r d i n g  e q u i p m e n t  would ac t  as a s e v e r e  h i n d r a n c e  
i n  t h e s e  s t u d i e s ,  F o r  e x a m p l e ,  i f  t h e  a n i m a l  i s  r e q u i r e d  t o  w a l k  o r  run  
for a d i s t a n c e ,  a n  e l e c t r o d e  c a b l e  d r a g g i n g  b e h i n d  would c o n s i d e r a b l y  
a l t e r  h i s  n a t u r a l  g a i t .  T e l e m e t r y  i s  a n  o b v i o u s  s o l u t i o n  t o  t h i s  and 
o t h e r  p r o b l e m s  we e n c o u n t e r e d .  
C i r c u  i t Des ign  
The  d i a g r a m  shown i n  F i g u r e  1 shows t h e  c o m p l e t e  t e l e m e t e r  c i r c u i t .  
Smal l  d i s c r e t e  components  were used  a s  t h e y  a r e  r e a d i l y  a v a i l a b l e ,  o p e r a t e  
a t  low power l e v e l s  and  are o f  r e l a t i v e l y  low cost (cost of t h e  c i r c u i t  
compondnts  was l e s s  t h a n  $ 3 0 ) *  
, 
I 
The MMT 918 is a m i c r o m i n i a t u r e  NPN s i l i c o n  
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RF a m p l i f i e r  t r a n s i s t o r  and  h a s  a g a i n - b a n d w i d t h  p r o d u c t  of 600 MHz a t  4 ma. 
In  t h e  d e s i g n  of low power t r a n s m i t t e r s ,  v e r y  f r e q u e n t l y  t h e  g a i n - b a n d w i d t h  
p r o d u c t  i s l g i v e n  a t  a v a l u e  o f  c u r r e n t  l a r g e r  t h a n  o n e  t h a t  i s  c o m p a t i b l e  
w i t h  r e a s o n a b l e  b a t t e r y  1 i f e .  S i n c e  g a i n - b a n d w i d t h  i s  r o u g h l y  p r o p o r t i o n a l  
t o  c o l l e c t o r  c u r r e n t  a t  low v a l u e s  of l c ,  t h e  c h o i c e  of a l a r g e  v a l u e  a l l o w s  
o p e r a t i o n  a t  a low c u r r e n t  and  h i g h  f r e q u e n c y .  The  u p p e r  f r e q u e n c y  l i m i t  
for  t h e  c i r c u i t  a s  shown, b u t  w i t h  a m o d i f i e d  t a n k  c i r c u i t ,  i s  170 MHz when 
t h e  c u r r e n t  l e v e l  of l e s s  t h a n  1 ma is m a i n t a i n e d ,  
The  i n p u t  FET was c h o s e n  f o r  i t s  u n u s u a l l y  low n o i s e  f i g u r e  of 1.5 d b  
a t  20 Hz and 1 d b  a t  1000  Hz. The n o i s e  f i g u r e  for t h e  MMT 918 i s  low 
e n o u g h  a t  low f r e q u e n c i e s  t o  make t h e  f i r s t  s t a g e  n o i s e  f i g u r e  p r e d o m i n a t e .  
The  v o l t a g e - v a r i a b l e  c a p a c i t o r  (VVC)  i n  t h e  t a n k  c i r c u i t  i s  used  t o  
i n c r e a s e  f r e q u e n c y  d e v i a t i o n .  U l t r a  h i g h  Q ( Q ' s  of a p p r o x i m a t e l y  350) 
v a r a c t o r s  a r e  a v a i l a b l e  and  e x h i b i t  h i g h  s h i f t  o f  c a p a c i t a n c e  w i t h  v o l t a g e  
and make ideal dev ia to r s  ( 3 ) .  Linea r i ty  of t h e  modulating system is  of  
prime importance i f  the o r ig ina l  s igna l  waveform i s  t o  be preserved. 
The  D C  vol tage impressed across  t h e  varac tor  is  t h e  magnitude of t h e  base 
t o  c o l l e c t o r  po ten t i a l  and t h e  AC component is equal t o  1 p l u s  t h e  gain 
of t h e  MMT 918 a s  a 0 t o  15 kHz ampl i f ie r .  Sampl ing  scope t r a c e s  of  
c o l l e c t o r  vol tage show a s inusoidal  c a r r i e r  with an amplitude approximately 
80% o f  s u p p l y  vo l tage .  
a t  devia t ions  o f  300 kHz. 
There is no evidence of  amplitude modulation even 
The Micrometals powdered iron core (4) is o f  r e l a t i v e l y  low permeabi l i ty  
b u t  w i t h  a Q of  230 a t  100 MHz. It provides a small and convenient form 
fo r  coupling t h e  main tank c i r c u i t  t o  the feedback w i n d i n g  and t h e  
antenna lead. The h i g h  devia t ion  s e n s i t i v i t y  i s  achieved through the use 
o f  the varactor. together  w i t h  c lose  coupling t o  the antenna, which is held a t  a 
r e l a t i v e l y  low load t o  reduce the "proximity e f f e c t " .  Other methods fo r  
the control o f  proximity e f f e c t  include t h e  use of  a quar tz  c rys t a l  t o  
prevent devia t ions  o f  t h i s  type (5) .  The smal les t  commercially ava i l ab le  
qua r t z  c rys t a l  u n i t s  a r e  housed i n  TO-5 t r a n s i s t o r  cases and present  a s i z e  
l imi t a t ion  fo r  some app l i ca t ions .  
Because of  crowding i n  the FM broadcast  band, s t a t i o n  in te r fe rence  
can  be troublesome, Even though cores  and o the r  elements a r e  very 
reproducible,  i t  is d i f f i c u l t  t o  p red ic t  t r a n s i s t o r  capacitances e x a c t l y  
and t h u s  achieve a n  exac t  frequency o f  opera t ion  for  t h e  c i r c u i t .  For 
t h i s  reason a trimming capac i tor  is added allowing minor changes t o  be 
made so t h a t  in te r fe rence  from s t rcng  s t a t i o n s  can' be avoided. 
A number of  rece ivers  have been used success fu l ly  w i t h  t h e  te lemeter ,  
including both modified domestic FM rece ivers  and te lemetry range rece ivers .  
To make f u l l . u s e  of  the low frequency c a p a b i l i t i e s  o f  the u n i t ,  the d i s -  
cr imina tor  o u t p u t  s h o u l d  be d i r e c t  c o u p l e d  t o  t h e  r e c o r d i n g  d e v i c e .  One 
of t h e  receivers u s e d ,  a n  Astro TR-109 h a s  a d i r e c t  c o n n e c t i o n  p r o v i d e d ,  
Very  o f t e n ,  however ,  t h e  "v ideo"  s i g n a l  i s  e x t e n d e d  down t o  o n l y  a b o u t  
5 Hz a t  t h e  low f r e q u e n c y  e n d ,  wh ich  is too h i g h  fo r  some i m p o r t a n t  
componen t s  o f  t h e  EEG. 
T r a n s m i t t e r  Assembly  
I n  most b r a i n  i m p l a n t s  on a n i m a l s ,  t h e  wire  e l e c t r o d e s  a r e  - s o l d e r e d  
t o  a female c o n n e c t o r  p l u g .  Th i s ,  i n  t u r n ,  i s  a t t a c h e d  t o  t h e  s k u l l  by 
means of screws and  d e n t a l  cemen t .  The  t r a n s m i t t e r  module  a n d  b a t t e r y  
s u p p l y  a r e  i n c o r p o r a t e d  o n t o  t h e  c o m p l e m e n t a r y  m a l e  p l u g  ( F i g u r e  2 ) .  T h e r e  a r e  
s e v e r a l  a d v a n t a g e s  t o  t h i s  a r r a n g e m e n t .  F i r s t ,  t h e  telemeter is e x t e r n a l  
to  t h e  a n i m a l  and  p e r m i t s  e a s y  a c c e s s i b i l i t y  t o  t h e  b a t t e r i e s .  n 
a d d i t i o n ,  w i t h  t h e  u n i t  a t t a c h e d  t o  t h e  c o n n e c t o r  p l u g ,  t h e  n o i s -  l e v e l  
is r e d u c e d  b e c a u s e  i n p u t  t o  t h e  t r a n s m i t t e r  is  b r o u g h t  a s  close a s  p o s s i b l e  
to  t h e  s i g n a l  s o u r c e  and  c o n n e c t i n g  c a b l e s  t o  a t e l e m e t r y  p a c k  a r e  e l i m i n a t e d .  
The  cat h a s  g e n e r a l l y  from 10 t o  15 f l e x i b l e  f i n e  w i r e  e l e c t r o d e s  i m p l a n t e d  
i n  h i s  b r a i n .  S i n c e  t h e  t r a n s m i t t e r  c a n  h a n d l e  o n l y  o n e  i n p u t  a t  a t i m e ,  
a s w i t c h i n g  a r r a n g e m e n t  is n e c e s s a r y .  T h i s  i s  e a s i l y  a c c o m p l i s h e d  on t h e  
m a l e  c o n n e c t o r  p l u g .  A s m a l l  "jumper" b a r  c a n  be c o n s t r u c t e d  t o  c o n n e c t  
a n y  o n e  of t h e  e l e c t r o d e  p i n s  t o  t h e  i n p u t  of t h e  t r a n s m i t t e r .  
One of t h e  p r i m e  c o n s i d e r a t i o n s  i n  a s s e m b l i n g  t h e  t r a n s m i t t e r  was t o  
make i t  a s  small  a n d  a s  l i g h t  a s  p o s s i b l e .  Af t e r  p o t t i n g  i n  a n  e p o x y  
r e s i n ,  t h e  t r a n s m i t t e r  i s  a s m a l l  c y l i n d r i c a l  module  (9mm d i a .  x 18 mm) 
a n d  w e i g h s  2.5 g .  W i t h  b a t t e r y  s u p p l y  a n d  m a l e  c o n n e c t o r  p l u g ,  t h e  t o t a l  
w e i g h t  i s  20.5 g or a b o u t  0.75% of  t h e  c a t  Is t o t a l  body w e i g h t  (see T a b l e  I ) .  
A t  p r e s e n t ,  we are  a t t e m p t i n g  t o  c o n s t r u c t  a m u l t i c h a n n e l  t e l e m e t e r  
u s i n g  s e p a r a t e  t r a n s m i t t e r s  t h a t  o p e r a t e  o f f  t h e  same b a t t e r y  s u p p l y .  The  
w e i g h t  increase for  each subsequent channel is only 2.5 g. Therefore,  
w i t h  respect  t o  w e i g h t  and s i z e ,  transmission of  several  channels o f  da ta  
i s  f eas ib l e .  
Expermiental Appl i ca t ion  
The p a r t i c u l a r  t r a n s m i t t e r  described i n  t h i s  paper has been used i n  
a number o f  behavioral s i t u a t i o n s  w i t h  s a t i s f a c t o r y  r e s u l t s .  Figure 3 
i s  an example of  individual neural sp ikes  t ransmit ted w i t h  neg l ig ib l e  
d i s t o r t i o n  and f r e e  from noise and a r t i f a c t s ,  I n  a number o f  cases  t h e  
da ta  recorded by the te lemeter  has been  of  a b e t t e r  q u a l i t y  than t h a t  
recorded by hard wire.  W i t h  hard wire there  is some cable noise t h a t  
cannot be e l iminated e s p e c i a l l y  w i t h  these h i g h  impedance/low l e v e l  s igna l s ,  
Not o n l y  has te lemetry proved convenient b u t  i t  has proved e s s e n t i a l  
in some experiments. I n  one s i t u a t i o n  which tests motor coordinat ion,  
the c a t  is required t o  walk for  t e n  f e e t  on two rows o f  pegs t h a t  a r e  
e leva ted  above a trough of water (Figure 4 ) 0  Cats t ra ined  r ead i ly  i n  t h i s  
t a s k  s ince  they p r e f e r  t o  walk on t h e  pegs  r a the r  than i n  t h e  water. 
Food re inforcement o r  general encouragement from the experimenter w i l l  
induce t h e  animal t o  walk back and fo r th .  inasmuch a s  a g rea t  deal of  
balance and f ine  motor coordinat ion is required,  t h e  presence o f  a tong 
cable would severe ly  d i s t u r b  h i s  motor behavior. Other experimental 
procedures require  hand1 i n g  the animal and manipulat 
muscle groups. Again, for  t h e  reasons l i s t e d  above, 
be a s a t i s f a c t o r y  so lu t ion .  
D u r i n g  many experimental sess ions  t h e  only prob 
ng various 1 imbs and 
telemetry proved t o  
e m  encountered was 
t h a t  of detuning when t h e  animal scratched h i s  head and dis turbed the 
t r ansmi t t e r .  The s igna l  was l o s t  for  a sho r t  period b u t  was recovered 
immediately t h e r e a f t e r .  The proportion of time t h a t  t h i s  happens  during 
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an exper iment  i s  r e l a t i v e l y  smal and does n o t  p r o v i d e  any s e r i o u s  
inconvenience. A second d i f f i c u  t y  encountered was the l o s s  o f  s i g n a l  due 
t o  t h e  d i r e c t i o n a l i t y  o f  t h e  r a d i a t i n g  element.  T h i s  occur red  w i t h  one o f  
the  f i r s t  v e r s i o n s  o f  the t r a n s m i t t e r .  The a d d i t i o n  o f  a twe lve  inch  
antenna lead implanted subcutaneously a long the back o f  the c a t  p l u s  an 
increase i n  RF s i g n a l  s t r e n g t h  has e l i m i n a t e d  t h i s  problem. 
Concl us i o n  
Thus, we have seen t h a t  w i t h  the  te lemeter  descr ibed above, i t  i s  
p o s s i b l e  t o  t r a n s m i t  the  a c t i v i t y  o f  i n d i v i d u a l  nerve c e l l s  i n  the awake 
and u n r e s t r a i n e d  animal .  T h i s  p a r t i c u l a r  t e l e m e t e r  i s  f requency modulated 
by a v a r a c t o r  which p r o v i d e s  h i g h  d e v i a t i o n  s e n s i t i v i t y ,  Furthermore, i t  
possesses a h i g h  i n p u t  impedance and a broad bandwidth which a l l o w s  
t r a n s m i s s i o n  o f  n e u r a l  sp ikes  as w e l l  as EEG, I t  i s  smal l  and l i g h t  enough 
t o  be d i r e c t l y  a t tached t o  the e l e c t r o d e  connector  p l u g  on the a n i m a l ' s  
head. The te lemeter  can be c o n s t r u c t e d  i n e x p e n s i v e l y  from r e a d i l y  a v a i l a b l e  
s t o c k  components and i s  designed t o  operate i n  the  FM broadcast  band. For 
severa l  months, i t  has been used w i t h  success i n  severa l  i n v e s t i g a t i o n s  
i n v o l v i n g  the c o r r e l a t i o n  o f  s i n g l e  c e l l  a c t i v i t y  i n  the cerebel lum and 
f i n e  1 y coo r d  ina  t e d  motor  behav i o r  . 
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TABLE I 
C a r r i e r  F requency  
RF S i g n a l  S t r e n g t h  
D e v i a t i o n  
DC Power D r a i n  
B a t t e r y  L i f e  
Weigh t  
S i z e  
No i se 
Frequency  Response  
Maximum S i g n a  1 
Dynamic Range 
1 n p u t  Impedance 
88 MHz ( t u n e a b l e  o v e r  6 M H z )  
50 pV @ 10 f t  ( h / 4  a n t e n n a )  
5.0 kHz / 100 pV P,P, 
1.6 mA @ 4-5 v 
E v e r e a d y  S76 E (160 mA h r s )  
100 h r s  @ 4.5 V 
2.5 g ( w i t h o u t  b a t t e r y )  
20.5 g ( w i t h  b a t t e r y  & c o n n e c t o r  p l u g )  
(0.75% of c a t ' s  w e i g h t )  
9 rnm d i a  x 18 mm ( w i t h o u t  b a t t e r y )  
5 pV rms @ 180 kR 0-10 kHz 
4 yV rms @ 180 kS2 400 Hz - 10 kHz;? 
; ? (bandpass  u s e d  f o r  n e u r a l  s p i k e s )  
2 Hz t o  30 kHz (-3 db)  
1.5 rnV (75 kHz bandwid th )  
3 x l o 2  (5 pV t o  1500 pV) 
10 MR a t  1000 Hz 
M I N I A T U R I Z E D  TRANSMITTER FOR NEURAL S P I K E S  
ALL RESISTORS be WATT 5% 
QI  2 N 3 4 6 0  AMELCO SEMICONDUCTOR 
Qp M M T S I S  MOTOROLA, INC. 
VVCl VARICAP PG6100A(iOpF) TRW SEMICONDUCTORS 
CI OPTIONAL CAPACITOR 0.2-9pF (TO AVOID STATION INTERFERENCE) 
JFD M T 2 0 9  
TI PRI: 12 TURNS W 3 0  ON T20-13 CORE 
SEC: 2 T U R N S e 3 0  ON SAME CORE 
SEC: 5 T U R N S # 3 0  ON SAME CORE 
Bi EVEREADY SILVER OXIDE BATTERIES # S 7 6 E  
0 DOT ON COIL INDICATES POSITIVE WINDING SENSE 
Figure 1 Telemeter circuit 
F igu re  2, T r a n s m i t t e r  
m o d u l e  (A) and b a t t e r y  
supp 1 y (B) incorporated 
on to Winchester male 
connector p l q  (C>. 
F i g u r e  4, a c a t  
performing a motor co- 
ord i n a t  ion t a s k  w h i  le 
t h e  a c t i v i t y  o f  s i n g l e  
cerebe l  la  neurons are 
transn1i t t e d  and recorded 
Figure  3 ,  Examples o f  neural s p i k e s  recorded irozj a 
single c e r e k i i a r  m3ur31'1 made v i -?  d i r e c t  wire and 
telemetry. Traces were obtaained a t  2 recsrding speeds,  
